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2 The antibacterial activity was tested using disk diffusion method and broth microdilution assay. The 26 microorganisms tested were all sensitive to the A. annua essential oil in toto and to all its 27 components, which often have lower activity than oil in toto. 28
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3 influencing the chemical composition and relative proportions of the individual components in the 52 essential oil of Artemisia annua (Viuda-Martos et al., 2010) . However, the activity does not seem to 53 be strongly related to the different chemical profiles (Bilia et al., 2014) . 54
Plant extracts, and in particular essential oils, are now reported as potent natural antimicrobial 55 agents, in commercial fields as well as in clinical application, with interesting applications in 56 cosmetics and food, as recently described for Rosmarinus officinalis (Albu et al., 2004) , Eucalyptus 57 globolus (Tyagi et al., 2014) , Satureja horvatii (Bukvički et al., 2014) , and Coriandrum sativum 58 (Michalczyk et al., 2012) . The use of pre-cooked or prepared dishes for large communities presents 59 an ongoing risk for foodborne infections. Epidemiological data has confirmed that Salmonella is the 60 most frequently reported cause of foodborne outbreaks in the EU. In 2012, a total of 91,034 61 confirmed cases of human salmonellosis were reported, and the notification rate for confirmed cases 62 was 22.2 per 100,000 population. As in previous years, S. Enteritidis was the most frequently 63 reported serovar (41.3%) (EFSA, 2014) . 64
A total of 5,671 confirmed verocytotoxigenic Escherichia coli infections were reported in 2012 in 65 the EU. Of those cases in which the serogroup was known, most were caused by serogroup O157, 66 followed by O26 and O91. There was an increasing European Union trend of confirmed human 67 verocytotoxigenic Escherichia coli infections in 2008 -2012 (EFSA, 2014 . 68
In 2012, 92 outbreaks caused by Listeria, Shigella, Brucella, Francisella, Yersinia and Vibrio 69 parahaemolyticus were reported, representing 1.7% of all outbreaks reported in the EU. Five of the 70 strong-evidence outbreaks were caused by Listeria monocytogenes (1,642 cases) (EFSA, 2014) . 71
The aim of the present study is to further contribute to the knowledge of the antibacterial activity of 72 an Artemisia annua essential oil collected in Tuscany and its three most represented compounds, 73 namely artemisia ketone, 1,8-cineole and camphor. The microorganisms used in this study have 74 great significance in determining the occurrence of foodborne infections and, with the exception of 75 The flowering aerial parts of Artemisia annua were collected at the end of October 2011 in Sesto 84
Fiorentino, Tuscany, Italy. The plant was identified and the voucher specimen is deposited at the 85 Phytolab, Department of Chemistry, under the authentication number AA 10/2011. The fresh plant 86 material (1kg) was coarsely cut and hydrodistilled in a Clevenger-like apparatus for 2 h. The oils 87 were dried over anhydrous Na 2 SO 4 , frozen, and stored in sealed vials at 4 °C before GC analysis. 88
The oil was conserved at -22 °C for the GC-MS and microbiological assays. those of the authentic samples, comparing their LRI relative to the series of n-hydrocarbons and on 106 computer matching against commercial and homemade library mass spectra built from pure 107 substances and components of known samples and MS literature data. Moreover, the molecular 108 weights of all the identified substances were confirmed by gas chromatography-chemical ionization 109 mass spectrometry (GC-CIMS), using methanol as chemical ionization gas. The GC-EIMS and GC-110 CIMS analyses were performed with the same apparatus and analytical conditions. Only the CI-111 mode was activated, and MeOH vapour as reagent gas was added. All procedures were according to 112 a previous publication (Flamini et al., 2004) . The Petri dishes were kept at 37 °C and incubated 24 h. After incubation, all plates were observed 139 for zones of growth inhibition, and the diameters in millimeters of these zones were measured. Each 140 assay was performed in triplicate, and the results were expressed as mean ± SD. The antibacterial activity of Artemisia annua essential oil and its main constituents, the objects of 166 this study, were tested qualitatively and quantitatively by determining the inhibition zones and 167
MBC. 168
The antimicrobial disk susceptibility test was selected as a preliminary procedure for screening the 169 antibacterial efficacy, and the results, with two positive controls (amoxicillin and tetracycline), are 170 reported in Table 2 . The most interesting results were obtained with the essential oil in toto; in fact, 171 all bacteria tested were clearly sensitive to the oil, demonstrated by the presence of large inhibition 172 zones. A notable result is related to the two strains of Y. enterocolitica that were more sensitive to 173 oil in toto than the related positive control (1.5 cm vs 0.9 cm). In general, the inhibition zones of the 174 three components tested had a smaller diameter than those obtained with the oil in toto. 1,8-cineole 175 showed an inhibition zone bigger than oil in toto, but only against S. Typhi CIP 6062 (1.32 cm vs 176
cm). 177
The hydrophobic nature of most essential oils and plant extract components prevents their uniform 178 diffusion through the agar medium; therefore, we performed MBC to have a complete view of the 179
antibacterial activity of the compounds tested (Bilia et al., 2014) . The hydrophobic properties are, inM A N U S C R I P T
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8 membranes of bacteria and cause cell dysfunction, increasing permeability and removing ions and 182 other cell contents (Massiha et al., 2013) . 183
As also observed with the disk diffusion method, the oil in toto was more efficient with MBC 184 values in the range of 0.18 -23.5 mg/mL (Table 3) excluded that other non-tested components, reported in Table 1 , may contribute to the increasedM A N U S C R I P T
Further studies on the activity of this oil and its components, even minor, are therefore desirable, 208 considering the current interest in natural preservatives as opposed to synthetic ones. In fact, 209
Western society is experiencing a trend of 'green' consumerism, desiring products with minimal 210 environmental impact (Burt, 2004) . 211
Conclusion 212
Both the oil and the pure compounds have good efficacy in inhibiting microorganism growth, and 213 can be considered potential alternatives to synthetic antimicrobials, although detailed studies 214 regarding their mode of action and efficacy must be carried out before widespread application. 
